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(71) I, Erik Ingvar Janelid, a 
S\yedish Subject, of Forsetcviigen 18, 
Djursholm, Sweden, do hereby declare the 
invention, for which I pray that a patent 
may be granted to mc, and the method by 
which it is to be performed, to be particu- 
larly described in and by the following 
statement : — 

This invention relates to a method of 
operating a power plant driven by a gas 
turbine. It is known that it is advantageous 
in such power plants to use an air accumu- 
lator which, for example, may consist of a 
rock chamber which is in communication 
with a lake, the surface of the lake being on 
a higher level than the rock chamber. Dur- 
ing periods when there is excess power avail- 
able, the air compressors of the gas turbine 
force compressed air into the air accumula- 
tor, so that a corresponding volume of water 
is displaced. During periods when there is 
a considerable demand for power, water is 
permitted to run into the accumulator, and 
the compressed air thus displaced is led to 
the gas turbine. Thus during these periods 
it is not necessary for the gas turbine to sup- 
ply any power to generate compressed air, 
and the entire output from the gas turbine 
can be used to generate power to be used 
during the periods or hours of the day when 
peak load prevails. 

In known power plants of this type the air 
pressure in the rock chamber cannot exceed 
the maximum pressure of the compressor. 
The principal object of the invention is to 
provide a power plant in which the air pres- 
sure in the rock chamber can exceed the 
maximum pressure of the compressor. It is 
then possible to extract a higher output than 
normal from the gas turbine for short 
periods. According to the invention this is 
achieved by forcing water out of the rock 
chamber when the power requirement is low, 
to a reservoir having a relatively low level 
and. when the power requirement is high, 
allowing water to How into the rock cham- 
ber from a water store having a relatively 
high level. 
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When the air store is being emptied of 
compressed air. therefore, the water flows in 
from a level situated higher than the reser- 
voir to which the compressor usually forces 
out the water. This can be achieved either 
by taking water from a lake, river or the like, 
situated at a higher level, or by pumping 
the water up to a water store situated in, or 
in the vicinity of the supply shaft to the 
rock chamber. 

When the air store in a known power 
plant of this type is filled with compressed 
air, the water level in the air store drops, 
whereas the water level in the reservoir, for 
example a lake, is hardly altered. This means 
that while the air store is being filled, the 
compressor will operate with an increasing 
counter-pressure. One object of the inven- 
tion is to keep this counter-pressure constant. 
According to the invention this is achieved 
by forcing water up out of the rock chamber 
by means of compressed air from the air 
compressor, when the power requirement is 
low, to a level which lies lower than the 
reservoir and which is kept at a constant 
height above the falling water level in the 
rock chamber, and by pumping up water 
from said level to the reservoir. 

For the same reason, in known power 
plants of this type the air pressure in the 
rock chamber will fall when the rock cham- 
ber is being emptied, i.e. when water is 
allowed in. One object of the invention is 
to provide a power station in which the air 
pressure in the rock chamber is kept con- 
stant when air is taken out of the rock 
chamber. According to the invention this 
is achieved by regulating the supply of water 
to the rock chamber from the water store, 
when the power requirement is high, in such 
a way that the water level in the supply 
shaft to the rock chamber is kept at a con- 
stant height above the rising water level 
in the rock chamber. 

The invention will be described more 
fully with reference to the accompanying 
drawings. Fig. 1 shows schematically a 
power plant according to the invention with 
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the water store and reservoir at dilTcrenl 
levels. Fig. 2 also shows a water store and 
a reservoir at dillcrent levels, but in this case 
the water store can be supplied with water 
5 by means of pumps, i 'lgs. 3 and 4 show two 
arrangements where the same lake is used 
as both water store and reservoir and where 
an artificial high-water level is maintained 
by means of plumps. Tig. 5 shows an ar- 
10 rangement where the water transport from 
the rock cliambcr to the reservoir to a certain 
height is attended to by pumps. 

The power plant according to Fig. 1 com- 
prises a gas turbine 1 having an inlet 2 for 
15 fuel oil and an inlet 3 for compressed air. 
The gas turbine 1 drives an electricity 
generator 4 and. via a coupling 6, an air 
compressor 5. The compressed-air outlet 7 
of this communicates via a conduit 8 with 
20 the air inlet 3 of the gas turbine, and com- 
municates via a conduit 9 and a shaft 10 
with a rock chamber 11. The rock chamber 
11 is connected to a vertical shaft 13 which 
communicates via a tunnel 16 having a 
25 valve 17 with a lake 20 serving as a reser- 
voir. The shaft 13 also communicates via 
a tunnel 18 having a valve 19 with a water 
' - store 21. This is at a higher level than the 
reservoir 20 and may consist of a lake, dam 
30 or pond or a river with sufficient flow. A 
tunnel 14. used as a transport tunnel during 
blasting of the rock chamber 11, has been 
sealed by means of a concrete wall 15. 
The power plant according to Fig. 1 oper- 
35 ates in the following way: During periods 
of low power requirement the air compres- 
sor 5 supplies compressed air to the gas 
' ■ turbine 1 and to the rock chamber 11. The 
water level 12 in the rock chamber falls and 
40 the water is forced through the shaft 13 up 
to the reservoir 20. valve 17 being kept open 
and valve 19 closed. During periods of high 
power requirement the air compressor 5 is 
disconnected by means of the coupling 6 so 
45 that the entire output of the gas turbine 1 
can be used to drive the generator 4. The 
necessary compressed air is taken during 
these periods from the rock chamber 11 by 
keeping the valve 17 closed and the valve 
50 19 open so much that water from the store 
21 flows down into the rock chamber and 
provides the desired air pressure for the gas 
turbine. During peak-load, if the valve 19 
is kept wide open, it is possible to make use 
55 of the entire level dilTercnce between the 
water surfaces in the water store 21 and the 
rock chamber 11. 

In Fig. 2 the same reference numerals 
have been used as in Fig. 1 for correspond- 
60 ing parts. The water store 21 is assumed 
here to consist of a dam or pond construc- 
tion. A second valve 22 has been arranged 
in the tunnel 16 as well as the valve 17. Be- 
tween these valves is a pump 25 which is 
65 driven by a motor 26. During low-load the 
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rock chamber is filled with compressed air 
and the water in the rock chamber Hows 
through the shaft 13 and the tunnel 16 to 
the reservoir 20. At the same time the pump 
25 pumps water up through a shaft 23, a 
tunnel 24 and the tunnel IS to the water 
store 21. During high-load the valve 17 is 
closed. The pump 25 can still operate and 
thus pumps up water from tlic reservoir 20 
throuch the shaft 23 and tunnel 24 to the 
level 30 in the upper part of the shaft 13. At 
the same time the valve 19 is regulated so 
that the quantity of water received by the 
shaft 13, both from the tunnel 24 and the 
tunnel 18, corresponds to the desired quan- 
tity of compressed air. By regulating the 
valve 19 the water level 30 in the shaft 13 
is adjusted to a level corresponding to the 
desired air pressure. 

In the arrangement according to Fig. 3 
the lake 20 serves alternately as water store 
and reservoir. During low-load the water in 
the rock chamber Is forced through the 
shaft 13 and tunnel 16 into the reservoir 
20. During high-load the valve 17 is closed 
and the pump (or pumps) 25 pumps water 
from the water store 20 through the shaft 
23 and tunnel 24 to the level 30 in the upper 
part of the shaft 13. The pump 25 must 
therefore have at least as large a capacity 
as the desired volume of compressed air. By 
regulating the pumping rate the water level 
30" in the upper part of the shaft 13 can 
be adjusted as desired. If the level dif- 
ference betv/een the tunnels 16 and 24 is 100 
the same as or greater than the height of the 
rock chamber, the diHerence in water level 
between the rock chamber and the shaft 13 
can be kept constant, i.e. the compressed air 
taken out of the rock chamber can be kept 105 
at a constant pressure. , 
Tlie arrangement according to Fig. 4 is 
very similar*^ to that according to Fig. 3. 
The shaft 23 and tunnel 24 according to Fig. 
3. however, have in Fig. 4 been replaced by 110 
a' shaft 27 'extending obliquely downwardly 
from the tunnel 16 to the shaft 13. At high 
electric output the pump 25 is started and 
forces water from the water store 20 down 
into the shaft 13 with such pressure and in 115 
such a quantity that the water surface 30 
in the shaft is at the desired level. The valve 
17 is kept closed. 

The arrancement according to Fig. 5 com- 
prises a shaft 28 extending downwardly 120 
from the tunnel 16 to the shaft 13. The 
pump 25 is placed in the shaft 28 at such a 
level that it is slightly below the level to 
which the air compressor of the gas turbine 
is able to force up the water from the rock 125 
chamber. The pump 25 thus lifts the water 
the remaining distance up to the reservoir 
'>0. The valve 17 is kept closed. The air 
compressor should preferably be of such a 
type that, operating at a reduced capacity. 130 
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it is able to force water up from the rock 
chamber all the way to the reservoir 20, for 
example if there is a fault in the pump e(|uip- 
ment. During lii-ih-load both the valves 17 
5 and 22 are kept open so lluit water from the 
water store 20 llows through the tunnel 16 
to the shaft 13. if the pump is reversible 
a pressure level higher than that correspond- 
ing to the reservoir 20 can be obtained. 

10 WHAT I CLAIM IS: — 

1. Method of operating a pov/cr plant 
driven by a gas turbine in which, when the 
power requirement is low, the air compres- 
sor of the gas turbine forces compressed 

15 air into a rock chamber and thus forces out 
of the rock chamber a corresponding volume 
of water, and in which, when the power 
requirement is high, water is allowed into 
the rock chamber and thus forces out a cor- 

20 responding volume of compressed air from 
the rock chamber to the gas turbine, during 
which time the compressor is preferably 
disconnected, characterized in that, when the 
power requirement is low, water is forced out 

25 of the rock chamber to a reservoir having a 
relatively low level and, when the power 
requirement is high, water is allowed into 
the rock chamber from a water store having 
a relatively high level. 

30 2. Method according to claim 1, charac- 
terized in that, when the power requirement 
h low, water from the rock chamber is 
forced, by means of compressed air from 
the air compressor, up to a level which lies 

35 lower than that of the reservoir and that 
water is pumped by pumps from said level 
up to the reservoir. 

3. Method according to claim 2, 
characterized m that said level is held at a 

40 constant height above the falling water level 
in the rock chamber. 

4. Method according to claim 1, charac- 
terized in that, when the power requirement 
is high, the supply of water from the water 

45 store to the rock chamber is controlled in 
such a way that the water level in the supply 
shaft to the rock chamber is kept at a con- 
stant height above the rising water level in 
the rock chamber. 

50 5. Method according to claim 1, charac- 



terized in thai, wlicn the power requirement 
is high, water is pumped up from the water 
store (20 in l ig. 2) to a hifiher level (30 in 
I ig. 2) in the supply shall of the rock 
chamber. 55 

6. Method according to claim 5, charac- 
terized in that, when the power requirement 
is high, water is also supplied to the supply 
shaft from a second water More (21 in l ig. 

2) and that, when the power requirement is 60 
low, water is pumped up from the first- 
mentioned water store (20) to the second 
water store (21). 

7. A power plant comprising a gas turbine, 

an electricity generator driven by said gas 65 
turbine, an air compressor driven by said 
gas turbine, a compressed air accumulator 
arranged to receive compressed air from 
the air compressor and to deliver compressed 
air to the gas turbine, a water store situated 70 
at a level higher than the compressed air 
accumulator, a water conduit between the 
water store and the compressed air accu- 
mulator for permitting water to flow from 
the water store to the compressed air 75 
accumulator and vice versa, and a pump in 
said water conduit for assisting the flow of 
water in said water conduit. 

8. A power plant as claimed in claim 7, 

in which the water conduit has a branch ex- 80 
tending to a level higher than that of the 
water store, the pump being designed to 
pump water from the water store to the 
water conduit to maintain in said branch 
a water level higher than that of said water 85 
store. 

9. A power plant as claimed in claim 7, 
in which the pump is reversible so as to be 
able to assist the flow of water both from 

the water store to the compressed air 90 
accumulator and in the reverse direction. 

10. Method of operating a power plant 
driven by a gas turbine substantially as here- 
inbefore described with reference to the 
accompanying drawings, 95 

WITHERS & SPOONER, 
Chartered Patent Aeents, 
148—150. Holborn. 
London, E.C.I, 
Agents for the Applicant. 
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